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CDE.$'"$-$F/( -$2)12"&"$'( -$( -$2#/-)$( !"%61#'-)$=( B,'-2#'-)$( )*( ,"1161#!( 4!)%!#&/( 1"#5-$%( ')(
#1'"!"5(,"118,"11(#$5(,"118&#'!-3(-$'"!#,'-)$(-/($","//#!.(*)!(,#$,"!)6/(,"11/(')(-$2#5"(#$5(&-%!#'"(
#?#.(*!)&('+"(4!-&#!.('6&)!=(G6!'+"!7(,"1161#!( 1),)&)'-)$(!"1-"/(+"#2-1.()$(#,'-$(,.')/0"1"')$(
!"#!!#$%"&"$'7(#$)'+"!(#!"#()*(@AB8CDE.$'"$-$(-$*16"$,"=((
@AB8CDE.$'"$-$( -/( #//),-#'"5( ?-'+( &"&H!#$"/( '+!)6%+)6'( '+"( ,"117( #$,+)!"5( ')( '+"(
41#/&#(&"&H!#$"(H.( -$'"!#,'-)$(?-'+(IJIK(#$5(4+)/4+)1-4#/"(L?( 9:;<=( J'( #1/)( 1),#1-M"/( ')( '+"(
"#!1.( /",!"')!.( 4#'+?#.N( '+"( "$5)41#/&-,( !"'-,616&7( -$'"!&"5-#'"( ,)&4#!'&"$'7( ,-/8O)1%-7( #/(
?"11(#/(#4-,#1("$5)/)&"/(?+-1"(*#,-1-'#'-$%('+"('!#**-,0-$%()*(,"118/6!*#,"(&)1",61"/(9KP7(QC8R:<=((
!"#$%&'(&)&*+#
>?)(-/)*)!&/()*(@AB8CDE.$'"$-$(+#2"(H""$(-5"$'-*-"5N(/.$'"$-$(K?(#$5(K?7(,1)$"5(*!)&(
#(1-H!#!.()*(*"'#1(+6&#$(H!#-$(,ASB(9:C<=(E.$'"$-$(K?(/+#!"/(%!"#'"!('+#$(TPU(+)&)1)%.(-$('+"(
IAV(5)&#-$/(#/(@AB8CDE.$'"$-$7(?+-1"( /.$'"$-$(K?( -/( #( /+)!'"!( -/)*)!&()*(K?( '+#'( 1#,0/(WR(
!"/-56"/(#'('+"(S8'"!&-$#1(9:C<=(>)(5#'"7(!"1#'-2"1.(*"?(/'65-"/(+#2"(*),6/"5()$('+-/(-/)*)!&7(."'(
1-0"(@AB8CDE.$'"$-$7(-'(+#/(#1/)(H""$(/+)?$(')(-$'"!#,'(?-'+(IJIK(9RK<=(X$"(/'65.(*)6$5(1)?"!(
"34!"//-)$()*(/.$'"$-$8K(-$(,)1)!",'#1(,#$,"!(#/(,)&4#!"5(')($)!&#1('-//6"7(H6'(?#/($)'(*)6$5(')(
H"(#(/-%$-*-,#$'(4!)%$)/'-,(&#!0"!(9RY<=((J$()'+"!(?)!07(/.$'"$-$8K(?#/(*)6$5(-$(+-%+"!(#&)6$'/(
-$(H-1"(*!)&(H-1-#!.(/'"$)/-/(!"1#'"5( ')(&#1-%$#$'(,#6/"/7(/6,+(#/(4#$,!"#'-,(#5"$),#!,-$)&#()!(
,+)1#$%-),#!,-$)&#7(,)&4#!"5( ')($)$&#1-%$#$'(/#&41"/(/6,+(#/(,+!)$-,(4#$,!"#'-'-/()!(H-1-#!.(
/')$"/(9RQ<=(J$-'-#1(/'65-"/(/6%%"/'(!)1"/(*)!(/.$'"$-$8K(-$(,"11(5-2-/-)$7($6,1"#!(IJIK()!%#$-M#'-)$7(
#$5(,"11(/6!2-2#1(9RK<7('+)6%+('+"/"(-$'"!"/'-$%(#!"#/(!"&#-$(!"1#'-2"1.(6$"341)!"5=((
!"#!
!
!!!"#!$%&'%()($*#+$#,-)&.#/.&0.(11+&$#2$3#!$%21+&$#
4"#5'+$+62'#5&..('2*+&$1##
!"#$%&'())& *+,-.*$+&-+/&#(0-.0-.*.& *.&-&'$#1)(2&1%$'(..&%(3"*%*+4& 05(&'())6.&."''(..7")&
(2('"0*$+& $7& +"#(%$".& (..(+0*-)& .0(1.& 899:;&<=>?@ABC+0(+*+& 5-.& %(1(-0(/)C& D((+& 7$"+/& 0$& D(&
(21%(..(/& -0& 5*45(%& )(,().& *+& #$%(& *+,-.*,(E& #(0-.0-0*'& '())& )*+(.& $7& #")0*1)(& '-+'(%& 0C1(.&
'$#1-%(/&0$&05(*%&)(..&*+,-.*,(E&)(..&-44%(..*,(&'$"+0(%1-%0.&8FG:&8!-D)(&H;H:;&
I"%05(%#$%(E& 4(+(0*'&#-+*1")-0*$+& $7& '-+'(%.& 7$%'*+4& ()(,-0(/& (21%(..*$+& *+& '()).&J*05&
)$J(%&D-.()*+(&)(,().&$7&<=>?@ABC+0(+*+&'$+.*.0(+0)C&)(-/.&0$&*+'%(-.(/&#*4%-0*$+&-+/&*+,-.*$+;&
>)$+4& J*05& 05(.(& $D.(%,-0*$+.& '$#(& %(1$%0.& $7& #$%(& 1$)-%*K(/& /*.0%*D"0*$+& $7& I?-'0*+& -+/&
*+'%(-.(/&1.("/$1$/*-&7$%#-0*$+&J5(+&<=>?@ABC+0(+*+&*.&$,(%(21%(..(/&8HLE&H9E&LM:;&&
!5*.& *.& ')(-%)C& $"0)*+(/& *+& ')*+*'-)& (2-#1)(.& $7& #()-+$#-& *+,-.*$+;& >.& #()-+$#-&
1%$4%(..(.E& 05(&1%(,-*)*+4&5C1$05(.*.& *.& 05-0& *0& /(,()$1.& 7%$#&-&D(+*4+&+(,*& 0$& -& %-/*-)&4%$J05&
15-.(&1%*#-%C&#()-+$#-E&7$))$J(/&DC&-&,(%0*'-)&4%$J05&15-.(&1%*#-%C&#()-+$#-&-.&*0&*+,-/(.&
/$J+J-%/.&05%$"45&05(&/(%#*.E&(,(+0"-))C&0$&D('$#(&-&#(0-.0-0*'&#()-+$#-;&<=>?@ABC+0(+*+&
(21%(..*$+&*+'%(-.(.&-.&05(.(&15-.(.&-/,-+'(&8H9E&9N:;&&
&
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!"#!
!
!"#$%&'()*+),)-./0-1++)-0.23)-*2-1+-/-4/56+5-27-.,8.+5-/885+00,2)-/)9-*:425-85/9+-
,)-):4+52:0-;/);+50<-=)-4+>/)24/?-15+/0*-;/);+5?-8>,24/?-/)9-:52*.+>,/>-;+>>-;/5;,)24/-@ABBC-
!"#$%&'()*+),)- ;255+>/*+0- 3,*.- /9D/);,)8- *:425- 85/9+- @EF?- G%$HI?- JFC?- ,0- 2D+5+KL5+00+9- ,)-
8/0*5,;- ;/);+5- @JIC?- /)9- ,)- 15+/0*- ;/);+5- /)9- 8>,24/?- .,8.+5- !"#$%&'()*+),)- +KL5+00,2)-
L25*+)90-0.25*+5-0:5D,D/>-,)-L/*,+)*0-@HF?-JEC<-=)-/99,*,2)-*2-1+,)8-/-4/56+5-27-.,8.+5-*:425-85/9+-
,)- 15+/0*- ;/);+5?- !"#$%&'()*+),)- 3/0- />02- 425+- .,8.>(- +KL5+00+9- /0- +0*528+)- 5+;+L*25-
+KL5+00,2)-,0->20*-@HIC<-M:5*.+5425+?-0,>+);,)8-!"#$%&'()*+),)->+9-*2-/)-/;;:4:>/*,2)-27-;+>>0-
,)-NI-/>2)8-3,*.-+)./);+-LEI-/)9-LEO-+KL5+00,2)<-'+L/5/*+-3256-,)-15+/0*-;/);+5-0.23+9-*./*-
!"#$%&'()*+),)-+KL5+00,2)-;255+>/*+9-L20,*,D+>(-3,*.- *:425-0,P+?- >(4L.-)29+-4+*/0*/0,0?-/)9-
*:425-5+;:55+);+<-M:5*.+5425+?-2D+5/>>-0:5D,D/>-/)9-9,0+/0+$75++-0:5D,D/>-3/0-0.25*+5-,)-L/*,+)*0-
3,*.-.,8.-!"#$%&'()*+),)-*:425-+KL5+00,2)-@JEC<--
=)-ABB?-!"#$%&'()*+),)-3/0-72:)9-*2-1+-/002;,/*+9-3,*.-/9D/);+9-0*/8+0-/)9-.,8.+5-
85/9+0- 27- *:4250?- 3.,;.- ;/)- 5/L,9>(- L5285+00- *2- ,)D/9+- 0:552:)9,)8- 4:0;>+- *,00:+<- Q;*2L,;-
2D+5+KL5+00,2)- ,)- )2)*:425,8+),;- ;+>>0- +)./);+9- L52>,7+5/*,2)- /)9- ,)D/0,2)?- 3.,>+- !"#$
%&'()*+),)- ,).,1,*,2)- >+9- *2- 7+3+5- >:)8-4+*/0*/0+0- ,)- /)- !"#$!$%-429+>- @G%C<-!"#$%&'()*+),)-
/>02-/LL+/50-*2-L>/(-/-52>+-,)-:D+/>-4+>/)24/?-*.+-420*-;2442)-,)*5/2;:>/5-*:425-,)-/9:>*0-/)9-
/-L/5*,;:>/5>(-/885+00,D+-;/);+5-3,*.- 0:5D,D/>- *,4+0-27- /12:*-H$O-42)*.0- 72>>23,)8-4+*/0*/0,0<-
R.,0- *:425- +KL5+00+0- +>+D/*+9- >+D+>0- 27-!"#$%&'()*+),)?- /)9- +D+)- .,8.+5- >+D+>0- ,)- 5+;:55+)*-
;/0+0-@JGC<-AD+/>-4+>/)24/-4+*/0*/0,P+0-*2-*.+->,D+5-,)-)+/5>(-HFS-27-L/*,+)*0?-/)9-L/*,+)*0-3,*.-
.,8.+5- +KL5+00,2)- 27- !"#$%&'()*+),)- 0.23+9- 0,8),7,;/)*>(- 0.25*+5- 9,0+/0+$75++- 0:5D,D/><-
#99,*,2)/>>(?- 6)2;6923)- 27- !"#$%&'()*+),)- !"# $!&'%- ,).,1,*+9- TNM$,)9:;+9- ,)D/0,2)- ,)-
4/*5,8+>- @JGC<- M:5*.+5?- !"#$%&'()*+),)- 3/0- ,9+)*,7,+9- ,)- 0+;5+*24+0- 27- :D+/>- 4+>/)24/- ,)-
L/*,+)*0-3,*.-4+*/0*/*,;-*:4250-@JHC<--
!"#!
!
!"#$% &'()*#(% ("+"*,&% #-% -#$'&% (#)."'(/%012345678#'8"8%9,(% :-)8.% #-% ;'% ,8% "+<-&#,8#%
&'=)*,#-&%-:%"8>,("-8%"8%(+,**%?'**%*)8=%?,8?'&%@6ABACD%6ABA%"(%,8-#$'&%<,&#"?)*,&*7%,==&'((">'%
?,8?'&/%9"#$%,%+'.",8%()&>">,*%-:%E%+-8#$(/%,8.%,%F37',&%()&>">,*%-:%*'((%#$,8%GH%,8.%"(%I8-98%
#-% ;'% $"=$*7% "8>,(">'% ,8.% +'#,(#,#"?D% J8% #$'('% <,#"'8#(% $"=$% 'K<&'(("-8% -:% 012345678#'8"8%
?-&&'*,#'.%9"#$%+-&'%,.>,8?'.%,8.%'K#'8(">'%."(',('%,#%.",=8-("(%@LMCD%%
!"#!$%&$%'#()*+%,*-./,0010)*#2,34)%$3-#
A'8#&,*% #-%012345678#'8"8N(% ,;"*"#7% #-% "8.)?'% "8>,(">'% ;'$,>"-&% "8% #)+-&% ?'**(% "(% "#(%
"8#'&,?#"-8%9"#$% I'7% ;"8."8=% <,&#8'&(D% 2+-8=% #$'('% ,&'% I8-98% -8?-='8"?% <&-#'"8(% ,(%9'**% ,(%
#$-('% #$,#% $,>'%9'**3.'+-8(#&,#'.% ,?#">"#7% "8% ?'**%+-#"*"#7% ,8.% "8>,("-8% <,##'&8(D% 6#).7"8=% #$'%
+'?$,8"(+(% -:% #$'('% "8#'&,?#"-8(% 9"**% ,**-9% )(% #-% )8.'&(#,8.% #$'% :)**% (?-<'% -:% 0123
45678#'8"8N(%"8>-*>'+'8#%"8%#)+-&%"8>,("-8%@O"=)&'%PDPCD%
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!"#!
!
!"#$$$$
!"#$!%&'%(%)*)+*$%,-%./*%#$!%-()&01%.1$,'&2*%3&2('*'%4#56'78%32,92%.,%/(:*%-;2<()*2.(0%
$,0*'%&2%!*00%),.&0&.18%&2:('&:*2*''8%(2<%';$:&:(0%(2<%/(:*%+**2%&)=0&!(.*<%&2%./*%=(./,0,>1%(2<%
=$,>$*''&,2%,-%2;)*$,;'%!(2!*$%.1=*'%&2!0;<&2>%+$*('.8%=$,'.(.*8%>0&,)(8%(2<%)*0(2,)(%4??"?@7A%
BCD"@E#12.*2&2% !,"0,!(0&F*'% 9&./% #$!% &2% )*.('.(.&!% )*0(2,)(8% *'=*!&(001% &2% ($*('%
!,$$*'=,2<&2>%.,%-,!(0%(</*'&,2%4GH78%(2<%&2.*$(!.'%9&./%!"#$!%&2%>0&,)(%4GI7A%BCD"@E#12.*2&2"
#$!%!,)=0*J*'%/(:*%(0',%+**2% -,;2<%<&--;'*01%9&./&2% ./*%!1.,=0(')%('%9*00%('% &2%(2<%2*($% ./*%
2;!0*;'% 4K8%L8%HI78% ';>>*'.&2>%(%/*.*$,>*2*&.1%,-% !,)=0*J*'% &2%9/&!/% ./*1%=($.&!&=(.*% (2<% ./(.%
BCD"@E#12.*2&2"#$!%)(1%+*%&2:,0:*<%&2%=$,),.&2>%.$(2'!$&=.&,2(0%(!.&:&.&*'%4K8%L8%MI8%HI7A%!"#$!%
&'% (% !$;!&(0% !,)=,2*2.% ,-% BCD"@E#12.*2&2"&2<;!*<% &2:('&,2A% N:*$*J=$*''&,2% ,-% BCD"
@E#12.*2&2%!(2%&2<;!*%&2:('&,2%&2%2,$)(0%,$%9*(301%)*.('.(.&!%.;),$%!*00%.1=*'%,-%<&:*$'*%.&'';*%
,$&>&2'8% 1*.% ./*'*% &2:('&,2% >(&2'% ($*% 0,'.% 9/*2% !"#$!% &'% &2/&+&.*<% *&./*$% >*2*.&!(001% ,$%
=/($)(!,0,>&!(001%4GI8%GH7A%%
!"#$!%&2.*$(!.&,2%&'%)*<&(.*<%./$,;>/%./*%OCP%<,)(&2'%,-%BCD"@E#12.*2&28%('%<*0*.&,2%
);.(2.'%0(!3&2>%OCPQ%,$%OCPM%<$()(.&!(001%$*<;!*%!"#$!%+&2<&2>%4MG7A%OCP"M%9('%-,;2<%.,%+*%
*''*2.&(0%-,$%!"#$!%+&2<&2>8%9/&0*%OCP"Q%9('%2,.%4Q@8%HQ7A%%R/&'%&'%!,2'&'.*2.%9&./%*J=*$&)*2.(0%
<(.(% ./(.% <*'!$&+*% OCP% -;2!.&,2(0% ;2&.'% );.;(001% !/(=*$,2&2>% *(!/% ,./*$8% *2(+0&2>% ./*% -;00%
-;2!.&,2%,-%.(2<*)%OCP%<,)(&2'%./(.%($*%2*!*''($1%.,%)*<&(.*%'=*!&-&!%&2.*$(!.&,2'%9&./%+&2<&2>%
=($.2*$'%4K8%ML8%HM7A%R/*%OCPQ%(2<%OCPM%<,)(&2'%,-%BCD"@E#12.*2&2%/(:*%+**2%'/,92%.,%+*%
'.$;!.;$(001% ('',!&(.*<% (2<% ;2<*$>,% !,,=*$(.&:*% <*2(.;$(.&,2% 4MM7A% R/;'8% OCP"M% !(2% =$&)($&01%
+&2<% !"#$!% 9/&0*% OCP"Q% =$,),.*'% =$,=*$% -,0<&2>% ';!/% ./(.% BCD"@E#12.*2&2% ';!!*''-;001%
(''*)+0*'%&2.,%(%),$*%'.(+0*8%);0.&)*$&!%!,)=0*J%4MI7A%%
!"#!
! !"#$%&'()*+,"-&./,01%$/,"-&
!"#$%&'"()#'*+,-#'."(,$-/)(#.(#0$(-+#.10.)10.&2,-#'."(.3(3.4-,(-/0$)'."(5'"-)$(6789:(-#(
;2&<=>?(@0'40( 4&$-#$)( -( A'"/'"%( )'#$( 3.&( B79)C(;0')( ,$-/)( #.( #0$( 3.&*-#'."( .3( 789D4DB&4( /+-,(
5'"-)$( 4.*1,$E$)?( 3+&#0$&( 10.)10.&2,-#'"%(789(-"/( &$)+,#'"%( '"( #0$( 4..&/'"-#'."( .3( )'%"-,'"%(
#0&.+%0(*+,#'1,$(1-#0@-2)(#0-#('"3,+$"4$(#0$(&$%+,-#'."(.3(*'%&-#'."?(#+*.&(%&.@#0?(-"/('"F-)'."(
6GH?( ><:C( !"4&$-)$/( IJ8D=KB2"#$"'"( $E1&$))'."( 4.&&$,-#$)( @'#0( 0'%0$&( ,$F$,)( .3( 789D4DB&4(
4.*1,$E$)( -)( @$,,( -)( -4#'F$?( 10.)10.&2,-#$/( 789( '"( *$,-".*-( 4$,,)( 6LM:C( 7.,,.@'"%(IJ8D
=KB2"#$"'"()'NO8(#&$-#*$"#('"(0'%0,2('"F-)'F$(*$,-".*-(4$,,)?(1D789(,$F$,)(-&$(/$4&$-)$/(6<?(P?(
LM?(QM?(M>:C(J.*'"-"#("$%-#'F$(6JO:(789($E1&$))'."(67NO9:()'%"'3'4-"#,2(&$/+4$)(#0$(IJ8D
=KB2"#$"'"('"/+4$/(*'%&-#'."(.3(@$-5,2(*$#-)#-#'4(*$,-".*-(4$,,)(."(7OD4.-#$/(1,-#$)(6LM:C((
8".#0$&( 1&.#$'"( '"F.,F$/( '"( 3.4-,( -/0$)'."( -4#'F-#'."?( R9S??( 1,-2)( '*1.&#-"#( &.,$)( '"(
*'%&-#'."( -"/( ')( $))$"#'-,( 3.&( '"#$%&'"D*$/'-#$/( )'%"-,'"%?( $)1$4'-,,2( #0&.+%0( -)).4'-#'."(@'#0(
'"#$%&'"(?L(-)).4'-#$/(4.*1,$E$)( 6><D>M:C(7.&($E-*1,$?( '"#$%&'"(?M?L(A'"/'"%( #.(7O(-4#'F-#$)(
R9S?C(!"0'A'#'"%(R9S?('"(#0')()4$"-&'.()+11&$))$)(3.4-,(-/0$)'."(3.&*-#'."(-"/(4$,,(*'%&-#'."?(
4&'#'4-,( )#$1)( '"( 4-"4$&( 4$,,( '"F-)'."C( T.#0( 5".45/.@"( .3( IJ8D=KB2"#$"'"( .&( JO( R9S-(
$E1&$))'."(-A&.%-#$)(7OD'"/+4$/(789(10.)10.&2,-#'."('"(*$#-)#-#'4(A&$-)#(-"/(*$,-".*-(4$,,)(
6<>:C(8//'#'."-,,2?(7OD)#'*+,-#'."(-,).('"4&$-)$)(789(-)).4'-#'."(@'#0(?L('"#$%&'")?(4DB&4?(-"/(
IJ8D=KB2"#$"'"?(@0'40( 4-"( A$( 4.+"#$&-4#$/( A2(IJ8D=KB2"#$"'"( )'NO8( #&$-#*$"#( .&( R9S?(
JO($E1&$))'."(6<>:C(7+&#0$&*.&$?(7O()#'*+,-#'."(,$/(#.('"4&$-)$/(1,-)*-(*$*A&-"$(-)).4'-#'."(
.3( IJ8D=KB2"#$"'"( -"/( R9S??( @0',$( 5".45/.@"( .3( IJ8D=KB2"#$"'"( &$/+4$/( *$*A&-"$(
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Figure 3.4 Analysis of normal and tumor tissue for MDA-9/Syntenin expression.  (Left) Expression 
of MDA-9/Syntenin by Western blotting in both normal control brain tissue and primary tumor tissue. 
EF-1! is used as an internal control for protein loading. (Right) Quantification of protein expression using 
ImageJ.  
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